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* = Megawatt peak, 20 watt average
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Jefferson Lab

Jefferson Lab Light Source Facility



Jefferson Lab Free-electron Laser Facility
“Energy Storage Ring”

e-beam Specifications
• sub-picosecond pulse length
• up to 75 MHz rep rate
• 40 MeV electron energy



Jefferson Lab FEL Superconducting Linac



Jefferson Lab FEL Wiggler



Coherent THz measurement setup
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We measured the bend-magnet 
synchrotron radiation right before 
the FEL, when the beam is 
maximally compressed.



Coherent THz measurement setup
Crystal quartz 
window

Collimating optic

Nicolet Nexus 670 
FTIR bench

LHe cooled Si
bolometer detector
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Conventional THz Sources

units) (cgs Power  :Formula sLarmor' 4
3

22

2
3 γ

c
ae

=
a=acceleration
c=vel. of light
γ=mass/rest mass

Auston switch Synchrotron radiation

6
4

6 6 8 2

2 6

17
2

100V VE 10 m10 m
F 10 V e / m 10 ( 3 10 )a
m .5MeV / c 0.5 10

m10 sec

−= =

⋅ ×
= = =

×

≅



Comparing Coherent THz Synchrotron and 
Conventional THz Sources
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To compare radiation in the THz 
region, ~40 MeV electrons will get the 
critical energy into the IR.  So, 
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Relativistic electrons gain a huge factor in THz power.



Coherent THz compared to thermal source
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 JLab scaled to 4.6 mA
 JLab measured at 0.02 mA
 1400 K Thermal Source (GlobarTM)
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Diffraction losses

Coherent THz measurement

TJNAF/BNL/LBNL
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Quadratic Dependence of THz Emission on Current
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Polarization of Coherent THz

Expected 
polarization 
ratio for 60 
mrad port at 
30 cm-1 is 6:1.

We observed 
5:1.  Good 
agreement.
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“Noise” vs. frequency
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100% line measurements
 128 Scans, 4.5% RMS Noise
 32 Scans, 3.1% RMS Noise
 8 Scans, 2.4% RMS Noise
 8 Scans, 5.3% RMS Noise

Noise Measurements of JLab THz Source
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Spectral Changes with JLab RF Phase
40 µA
1.17 MHz CW 
FIR DTGS
Si BMS 
8 cm-1 res.

“Gang Phase”
10.7º
10.9º
11.3º



Jefferson Lab FEL Upgrade

3 s-c linacs

Photo-cathode gun

Energy Recovery Loop

THz
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